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Thin invant-ion relatee to a jnethod aad apysratua to.r 
hemxtixj «Xoae;e.te(i 8pac<i or a lovatloa coti tai.cilnq an ulongatcnJ 
hriutor, Hore vsrtitular ly , the invenMon relateg to « XePt.rJ.ctaJ 
i:eaiBtan«ft hft-^t^ir for hftatiftqr ft^ tiLon^f^ito<l «uJ>tcir rati can JioxohdLo 
(It r#itOii iflhich are dlffeirent at. diffaracit depth*? nt the ^oXfthoXft, 

:it j.ft knowci to b6Tj<itl<yiaiI to usf> aLotigat-dd tiaaters 
nMCSx 32 wdlL tiDaterst, for heating tnte.rvalB c*t fjubterron^jan ^sarth 
f o.xmnu l.on J, ptpo Intoriors, or oth^r elon^fatad Bpanes. la various 
jyituatiojiij, it is desirable tD heat such &paaea at calativ^lv Uitjh 
10 tfiiJipe]caturft& lor r«J.attvelv long tXntfs, Beneficial raault3 
obtslnod by auch heatlncj ma/ Include pyrollatqg QlJl sUfi^le 
formattona, ookilcg ol.l to consolidato uncotiaolidfltcd r6»«rvotjf 
tormaiicns , coking oil to form electrically conductive oarbonizfc<i 
i:onas capahle of oper&t.lng as ftl<?(jtrodftft within a rciseivoir 
i?ortfiatlonr tharirially dlaplaclng hydrocarbons derived fro» oils or 
tsr& ii\to p^odxictlou locat-iOEis, ptevtMitxa^ foraatlcti hydratiitj, 
pcftti J.pitatcs, or the- lih« itt flaida which aro being produc:ea from 
w%lls artd/or traivB^ltt^d through pipeft, or th^ IDte. 

The anvrt/itiOA &1k.2J to provide a heatinq apparatus vhich 
20 in cftp^ible of generating heat at different rates flit ^Itfftceut 
dftpt.Up in a we>ll. 

In accordance vith the Invention th<ire is prQv:lded in a 
pracasa in whic)t\ 6uht«r jrant&n earth formations within intorvcal 
moro than 100 fost long are heated to a tenperatare of more than 
600^ c. , 3o that heat la iuject^d frubetantlaliy ynltorTHly into tJxat 
Interval, a/l improvomftnt for constructing an(3 instatlllng a heater 

1 
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bavinqr on el*<:tL-ica.l cable heating aecXion ^fhich is free of 
Kp.Uces, oo*iptii;ijigs coarftrucrtixitf «uicJ h^eifcing cable /;ectiun by 
compressive Ly awaginci at least- one v^ortlon of a iuac»tlon-^re« 
elecitrlc^ii h^attug cablft to r6duc<i ita alsttj at »alO dt l^ASt orj6 
[>ortion, saia cable la at Uaar lon^j eiR t.U« ftftirth formation 
lutftrval to lie lieatcd fjn<k comprises sin dixi^illy «illarjfi*f inallt^alilo , 
eLeotrically conductive tcire cyrrcund<iO hy granular Tfii.xier«il 
iti:;ylation vrittiiti a metal ahoath, 30 that ava^aa portion gronora^os 
heat at a rate higher than the onavaged portiou; correlating the 

IQ locAtica ot Sdild SWiigin^ witlrj tho f>«ittc;rn of htat uonductivt ty In 
the earth foroiatlon iixterval ao tUat at laapt on* fromproffftiv^ly 
swaged portion o£ th« ciibla 1« located Alotii? tfta cable in & 
pDaltioci auch that, vtien the cable ia extended along tUe iiavtti 
toriTiaricn int*ixva]. to be h-i&tort, th<t compr/ssfttvol v fiw^.-aoU sorttoti 
is adjacent to a portion of the earth foraatlan Interval Ln which 
Cli« fi^nducttivtty Is r<»lcttvoly higb^ ccnnQCtln<j ofiid 

fSQlortiveJ.y owaycd heating cable aectlon to at least one power 
supply cf^ble and spooling tht Intf^rcoanected cabiaa? an<i 
unspooliAg the Intarconnected cable a into a veil bore along with a 

2D f/e3<)ht"BUEpporT.in<j metal oondult Khil« r lodicaJ iy antaohlng the 
c;3)>l0ft to the Ccsndult and ojctendinp the cables and conduit to a 
depth at which the con.pre aaive ly awaged portiong of the cable are 
positioned adjacent to tlio ^arth fovmation-T having a relativoly 
hl?i» thsriual conductivity. 

The inveatJLon (fill now be e-xpLalned In more oetaii tf3t?i 
risferonce to the accompanying drawin^B, in vhiehi 
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Flsr\ira i is a thrQe-dimsnsionEii i liuatratiou an 

portions auitabla £or use In th« ^ueoenr invtintlcn. 

eiguLt^ 2 so))«^FiticiRUv ll.lurtr^tes the 4ni*x^>.XliDg of ati 
oloctrlc<ti xesistance hftatar vithirj the w^ll In accjordacicro c^ltlfi 
the pceaent ltvv«iitlo«. 



2a 

•p. 
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pox\ii' ^supply <rr.>able and a ^^etaL-d^/;ftt^e^1 insulated cablfcl suitable as 
a befit i]\g eieroent r>f t>is preaadit inventj.cav 

Fi^fures 4 a;v3 5> illustrarta spllcos for i5.Xa-.tric£illy intar- 
oomoa^tir-^ the crnduc tive corea of a pdir of Tfeta L-f?JviactihEd minerffil- 
i,nB>^lateS he&tlTVj oablea suitablu ti& baJmj cabJ.es .m the prfiaent 

figure 6 tihcws an cilcctrjjca.l pcwer aupply ciroait 30itabl/a fcor 
use in Urue present irivtifttlm. 

preeent invtzntiofi is at .Wst^ in part prenuiicd CO a 
diiiooveri' that the prop^nrtijos Of an el.eir:?;rical oandtx;tor (cixii aa a 
icetai-ahoathscl aoJLid iratHri-aLl- irifculaLed electrically curjductivc 
cahie ccntalniO)?? a sirigla csopper coro) are sur:h t>iat reaalts of an 
a{:plLi:;atiO!fi Of ooopressiw pwraqing to tha c/JtsidE of the nietal 
i^eath are tranamittod throuiyh the in«uIation to tho oore of t'.l« 
ceb.le in a manner efuch th&t Oftoih of the?je ocn^xr^tB are 
sulsetantially aiicTiLtiuifiCrJfiiy r©Axed txi crn«35>-aBi*.iuxiaii Area by the 

relsrtive gnojntB* The reductions In tdae cable coi^ crocsi^ 
aGCtioofil area can be controlled to cause the 3WQ9ai pnrtioai of tho 
cable to generace s significantLy higher srrcjnt of Jieat loer unit 
tine than idnfc ^-hich would hara bear 9«rjerate<l witthpd^t tiie roragimj, 
evran at a substantj.ally lc*<er tsmperatiire. 

Xn a proforred oabod.'lT^TeiTt of tbR inviention, such ft swaglrvy ia 
•da>s by A pzooa^s oE rotaty gwagii^g, amoLinting to oci^prcssii'^g the 
coblo with irajni'' b]£?t^?3 iipplled bi' rcrtatirq dies. Itotatln? swaging 
dET/ioea and techniqtiG^ iro ki^Jn and cciiTDerTcdaLly 3\'ai2abi£j. Blich 
TTQchinaH ocaiponly ocflrtsaJ.ri two die? vin.i'Th Tecipanncate rapidly as a 
spdrjcile in ^'hicii thc^y aru tncHirrtod Ic rotat;ed, A ccer^neaaive rotary 
swaging ct^raticci invnlvea a tj3ni?isri7Tg aictioft whicb has W>fi saaca 
bsiriQSicial raabcriaJ, on sreti*! aa forging. It prodiioea a desir^Uj.le 
grain structuro resulting Xtj an incr©Med teneilQ atroiigth aivl 
eii&ticity. Thd ooltl (ifi tC3iperfltUTe> tende td work hardjen 

[TC^flt iref^llic matefrials. If deail^, such a hardening t\nn b2 icvacle 
more flexilJle by onnealiny. 




hitp://patents 1 .ic.gc.ca/fcgi-bin/any2html 



11/7/2001 



Ol253555dis.afp Page 5 



Page 2 of 3 



m a rotdry swaciij'jqr opftratica, the exv^t to vrtiicJi the swagsi 
raatjer:l'3l 3a i-^iduccd In crcfi^-serrti-cnai jnca can lie controiied very 
accanitcLy. For sKayplxs, sitwio cnetai-ehaathed &olid matearial- 
insulated <icpp5r 'cured cd<2Ctrica0.1y^conaut.-tivc c«l3.V5 be^f^'P.e as 
f3 suiiU jfAtcr.-lal dur.ing a irotary ^>^vlag.•llc^jg c^raticn, such a cabl^ 

havincj a dlsnoter o€ trcxn iLt>:jut 0.69 to L.25 cm can b6 ^fx^ed \:o a 
reduced ciid/fdtor witl^ m acoiriicy ot ^ibcirt pl.U3 or minua 0.O025 era. 

figure 1 iiluatrAtes swaged and imswzmcd porfcaoooa of a' cable 
5xref&rre(3l fxar ubb in the preseiit in'?ent.\nn. la tlie cablis Mxwji, a 
10 Btfiiinloss ?teel aheath 2 surrouA<ig a ndr^ral insal^ntion 3 

DOiisi sting of bigtily norpfassGd grains of maqneaium axic3e am? a 
Holid ccnduLCtlve coxia 4 of subctfiuitlalLy pore ccppfer i& 
concarrtricjfliLLy ^3nrrqujidfe:3 by tht insuUnioii aood aheath. In a cablfi 
of the type ahc3wn» where tlift inner and oator dj^meteTrfl of the 
!>> Rheath J ^ira 7,23 aiid 9 TOti and thu diamsntor of tV^ ooaTe ^ ia 3 nm, 
iu the ujiBvraged portly r the cabil^i may gssisratB a ten^erature c± 
about 600 "C '>«hen ooiuiLictttiy ISO cit^jencifts of aXtotttaitlriCf current., 
Hovswer, ii\ a flwagerl i/3irtio«i of t]\e ceJiJle having ft <il£iffoetcr reduced 
by IG^r a tecTpera^Jre ctf about fi50 *C is gorftrabed wheel tho cable 
20 :ia condLctirjg the satw rx^n-ent in tho sarne environment* 

In a i>roiIerred eabodrirent, the pr«fs£3il\t irwent.'lcffx can be 
utiliaad for providing a fbrmation-tailora:) irethod ard afppf^fatus 
for unifuttrtly heating long InCexvala of subbeirranaan earth 
fttrmf-.iona at high tiStrpcaratlure . ^conv^xnq to this itiethcd 
25 si:^exi:aa:©an interva3^ ar^a htatod with an elestric heator 

odLtalutng at .lesHt one spxilable stoeL-shesc'.thei mineral- insulated 
cetbld hixsriVf^ a ?olid oantrai oore of high elector leal conductivity. 
Such £1 oablo CEm be cJTnranyei tc hecjt thfi earth fon^B Ciena ao ^tv^t 
haat lii tranartLtted into the foriratijons at a subs tan eially unifbms 
3f> ratQp even when the heating inwolviaa mare than about. 330 watt^j per 
tnatrxi at t6=iv;xjr£itLarQS between abcut 60G en-xi LOOO ^C, Tfce unl€ormty 
of the hent tr2diiirBi b'Sion is erisiired by prwiding the heater with a 
pattern of electrical roaistances with dapth within tl^ well 
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aTm-elatcri %'ith tlift patcerii nf heat uoniiLtctivAty VJi^'-^ <ifepth withici 
ths fiiwmounding eart:h forjuatJLotns » 

FiguxH 2 shotvfs 0 pr^Gnrred eiibodiTrent of a woil 'AefiUer ot the 
prcEent ijweiTtion balny installed within a wail. i^hcwiT, a pair 
oir 3eX<?ictlveIy swcujiid tviAtcr ofib.lea vAth Bwigad Sdxt unu\-/^c;ed 

>oXl frcen gpcoling cneana 5 ctfld 6 while a support irembar 7, su^ as 
a wira line or spooiabla metal conduit/ is oonci3i'rvntly unapSOiocS 
into the Wfll f ran a g£»o).ir>gr itieana (m>t tihcwn) . The .\c:wer end of 
the aup^iort neOrtS 7 is aut^:r>jsi tso a cncitDr jrotfjw 8# ^ivrti as a 
f?inksr bai foi' a vertical well or a gucnpt^ld or ctbea: iCDConr trfiana 
fbr a sutoatantdaj.ly bcrizaiital ^1&11- "The lowir ends oJE the beating 
oato.le, f3N'acjed portiana lb/ are iiecbanlcaUy attactiHcl A osible 
j>juijctloo or end-ccrffitictor 9 in vhtch the can:*;x:tive. oorEB aro 
Electrically tntercjonrei'tpjd (as shiam in ixoct detail In Vigure 4) . 
'Itra jUfixitiCffi 9 is aXan TC&^janicsillY oonjisctcd to the soppotrt. irembEO,- 
7, fear ^cfljupljii) iDy a strapiaiTvi neane 12. The lc^^Xir <m<\s q£ the cable 
partioi^a, Vjih-Jch dCK; lAJftgexl for increaaed heatirxj, arc &lcci;r1cally 
intaroonnaztdd in the erxl oani^cbor !^ and poaitionfid to oucteair^ 
thTxxigh th2 zona ecile^tad J!or reoolvliv? the ix^janeased heating. 

Tie vu^Bwagfid porticns la of the heattr-v cables, deaigrad fior 
minoinal heati.nq alnng tho Esonn to be heacsd* are pcaitk3ruid to 
cxtcrvS alxwe tho gwaqed portiona lb for a distance sufficient to 
r9Ach a 20fie^ xci^^lch ia cool en^rugh for an ihtGj:o5nr^'ti/>n of tl:a 
heat.^agi cabljs pcctia^B la wj.tti powar aiiyply cablefl iO by tpsmiuj a±' 
joints or eplio&o H fccr electricall/ arxi nedioiiically Inter- 
c<i«nTiE3ting ths pcwor supply iiu^ 33 '4 haatirjg cataiaa. Ibo pGwer wpply 
cablsa 10 ore arrcin^ed Uor CRrr/irjg a gelacfaed iiirOuJit oi crorrcjlt 
whila generating only a ioinlTTftl ancoma of heat* Tba details of 
suitable irechanical arid electricval cable collect joints for ubs 
with iTtatal^sheathed minafral-inauLnttsd pcwer supply ii-q cables are 
illuytrcit*>d tn irigure 3, 

A3 the bos ti Jig btvH power aupply odblos 1 and 10 are run ^ntn 
thti ^all, alarjcj v;ltJti tJie weiicjht.- supporting strand ? # the cflbiBs are 
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period i.L;aiiy attachfid to tha atr^ina 7 b^' Tiwia of gI^^ or 
citr£43pinc( tuaaiis 12. ^;ich cloiiipa iLtG arranged fat cre3rtL[)y ft 
frurtiion between th!? cablea aTid Eitr&n<3 which is ai5ffit;iQrft to 
copport the ;i-sagnt of 0\e lengths otf Una cfible? wUich are IcOQtcd 
5 bDtveex\ the cl3x^^>s. 

Fii^re 3 LiajLLatr2it6S d£5tAi.l3 of preferi.'oJl arrancfwemtR of 
splices 11 » Bhcwn, the: power sfupply cabia 10 baa a meUl strath 
L4, ^ucl\ as a ccppar BhaaUi, surround! ii-qr ^ insulcitdd olectrj.cally 
ccTKiujctivB core 13 c\avj.ng a ocxrbitvxtictn ot crcss^acartloniil area and 
10 electrical fosl stajxe psr unit 01' lerugch adaptlr^ it to carry 

current to be used Xn the heatirg cpGrat.lon wJiil^ generating cnly 
jsn inBlgrjificiult aroounC of heat. As shewn, the FOwer cahla sbCAth 
14 aa veil as fewer cgil^le oaane 13 bjto Urger Chan tba ateath 2 
and cora 4 of the un^wEugcx^ port;icn of lieating cablo la. lha 
15 oaniJuctivc cores of ti» crdjle aj:^ clecaTicalXy interoooncct^d, 
preferiibly by V7s3dirxr* In <genEr:il, the pcwer oabXa can a::<(price 
^DbBtajitially ani' ti7« of eiactria.nlly ocnductive cable which is 
□deqniwtaly heat st^dJlje at the tarparature gerberated by the miniMj/tJ 
heating portion ofi a bo9.tlng cabl^ such oa Irt- WJier* f-be T^sxix^oa 
20 selec\J?6 ne£±ing i-.a:T5^Atur^ is auf f -tcifintly io^ 2md/or tlvi 
aistodvce bal^wsGn ttna ^^er supply and zcne to bs lii^ate^ lo 
■adoq^iafcely sbort/ the pow$r supply oabl^ c^?.n ocxT^-i&sj a irotal- 
sJieatbed Tirir^rAl-int?a"ioitoc1 i^Dil<?r<ar^ c<*blB wtiich ii3 aalcotively 
fr,.?a^ to provicte tlio :^3lccted beatij^-g ten^ature so tiiat ?M 
?5 splices styh aa splicsa IL aro notxled. 

A3 3bown in Figure 3, a rGL:ntlVi2ly rbcnrt f^il^^eve 15, aach as '<a 
steel fiit.-«vc, is fitted arcnind and wedt^jd or braced, or otherwiso 
rr^jsh^ffiically ^ttacbei, to the aheatli 14 o£ the pcwer cable 10. Tho 
^Isff'y 15 is prefcrabiy sal.ectad to te/o cn inner cli.ameter fotming 
>0 on amiuieir spftCO batwoen .it and abeath 2 largia tjjicugh to 

acwcsnrociata a bhort^ stoel sLeeve 16 fitted around tiie sheath of 

cable la. In a pi^yjrrca as?5«W.i]ig pnxsadure, bdforc inf^ertiv^ 
th-c short .sleeve 16, »jbst*3r/ti£jlly all of the onnuLar t^acrs bet^i<"een 
ca])le cora trKifcera 4 and 13 zarxi elccv« 1.5 a a filled with & 
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poN'tierer} minaral insuLa.ting cnatRriai £(.ich as magnesium cxivjE?. I^ie 
iOf^uIe.Ci.ng materi^il ic preCftraisly depoaitcJ v/lthln both l:be annul inr 
'dpficx> bftareen Vi& cehlc oorcn and the sleeve 15 as we.U ^ tJie 
'^Qoo betweei^ the aietavts 15 and the Bt«ath 2 cri thtf cable 1.a, atnd 
ft vibrsrtGd to oon-pau2t the ntiiis oi particle?. 31ssva 16 ofin tJien be 
dr'I'Tcn Lni:o tVs s^ua betuiecn the si ewe 15 and artoath 2 so flrtar. 
the ccttSis of TrdiieraX inaulating porliclcs In ccanpacted by the 
tjjrvviag forca. SlocweiJ L5 and Ifi and ahecith 2 are then weldiKi ur 
;oG(ra;?©d togetlar. 

10 ficjure A illufetrabcs detaila of an end oonnootor or spliDe 9. 

As shewn / cables ih iira oxtandjed tnrmicjh hoifid in a steeX blnric 9 
so tJifit slxjrt aecticnb Ic cxteaid i];tQ * cylindrical openlnci in tlie 
central portion of ti>a block- T)ic olect-xically conductive opre-s of 
thjQ oablfts ai^ ^-^l^ied together at we.ld 17 the cab.ld shtjaths stb 

1? 'x^Idod t?0 block 9 at welda 18- P.mfcrcibiy, the cei^tral oonductoirs 
□f tha cablos a«> skirrcvrided by a heat fitffblc olectrica\ insjlatioo 
such Ds a fiitisfl oi? compacted pcwferiid ndner^l pertlcleg and/a^* by 
<iisc? of cexandc matiBrialia (not shown) , afterr which the txuitrAi 
opting is s&atUd^ for example r by sreldlrjg-cn piec^aa of ataol (not 
3h.-wn>« where the heatBT sw?^»rted, as !3tw>wn ixi ?igixra 2, by 
attaching \t to an elongatod cylindrical structural member 7, a 
groovo iy is poreterabXy fDrned aloog aui Qxtcrlor port.icn odE end 
spiixOT 9 to fTwte with thft stxuctiirol meaiibar and Tacillcate tba 
attaching the end pta^e bo that roeanbar, ior Qxatnp}.e/ b^' a 

2^ gtraizping utiz^nfi 12- 

yiguTfi 5 BhcMS a pfcfoarrcd type of end ccnrector whSch 
climliiatea the need for oitting and :<al.dinq a hea-ljer Ctiblj© to jform 
a pair of hentar coblfijfi, such as c^lea 1.6 » Htve hedt^r catble is 
slJT^ly bd^t into a U-turn and crechanLoaily cXan^sd to block 20 >>y 

3!) !colte>d-ca^ cl^OTrping plarbe 21. Th© blocJc 20 is preferably prcy/ided 
with gra->v« 77. to facilitate tJrjQ c.Lant>iT>g of it Co a cylindrical 
structural msftSber sonh the cyidndricral cnenibor 7 shown in 
figure 2. 
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aubBtontially ijny At; or ix: syttcw Cfepabis of cauanrtg ^ hsiitor of 
t±ia prcticnt type ro heat at tha scltotad t^.la Lively high rato. S'jrh 
a hsatlrjg fita cfin be abcut 330 w^rtta par metrre or socorftp 
5 Fi-ciure 5 is a dlagratx) of a prafsrixxi irran^esreaib at 

alternating curr^t olectrtoal pDwer aupplyir^ elecnent--B wi-table 
fCiT thft prsaent typo of heater, 'Jfhia arraiigeiflSfSnt InclA^des Cv^io 
iiTAirsjc;, paxalLalr siiioon-controllec) rertifierB <SCRfi> iri ths 
circuLtr^ of l;oUn eLeraenta of a twcM9a«?ne5it hftat«r, In such a 

Uiat th3 cv^bLa coce jivyrtiun, point A, CwitUin erd oonn&ctor 9) osn 
rarain at 2on:> voLt5(iqie or virboal r^round pobeacita.aJ., 1^-^ shiRaths of 
the haater cabliia are oonnectecl to tha groundod c?eTitre fap of the 
trans £oKnisT Jw-jcnndaLy- Sinca pcdnt A repreoantB i-bd visldod 

13 ccor^ctlcxi WLOhlTi the end picjoo 9y tbe jx>eent.1.al differencii iMitA'C^rn 
the ccnnoctlorx and the hajsing will ixi zeoro tor all practical 
purposes. Tbsse porinfcs] t\->jld be a« elfictrical ccnUct ^'it^iaut iiny 
ccnduction of curcBnt* At pointa advancing upward along the lege oJf 
the Jiaatar, the potjemtlal differeaxs batwaem thci shc>aths and the 
20 c^rrtTtiL (tcfiductcr oaa incroa^je and finally reach tnaxiowms so:^ 
plus or cTiinLifc 2^0 V. 

Xn varioija aituationfe in vhicSi an elongated space i a to be 
lofiated, tl'ie in aitu ttLsrmal oanductijcn u^oy vary gi^i.fic^irjtiy 
vittjin vorioua iayt&rs CT loi^tjUms alxxigr that apace. A iiior^a hoat 

2[> oc«^x:fcive lay EOT will carry off thrt hoat generated b^' a heater 

iaster than a less □onducti\'e layor, Aii 5^ rtsult, t^ue tearparaturs 
irtaintained by an ^ilectrical rciaiatancsi lia6ter catryi'og a qivien 
^imaint of ciirrcnt: will V;e 3-owf?r cgpagibe a ctcira conductl'/e layer » 
In aitualions In v.'hich it is de?arec3 to nHiTitaio a £JAt or mniform 

30 heating rate aloJtg the sp^W bcJ.rg heated, it ia dasir^lo to 

reiuce tbe heater oora cxoss-&scfcioo«l aroa in orcler^ to gSffiGrate 
h^t at the aane rate as thiit in otlusr portions of the heater whJch 
are liottar. 
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cioc^ti'ical rp.Bistajuco h/rater C5u\ be caue^id to 90ax:fate 
selectee ht?3rt:ir/^ rahefl at dafitti^stit Iccati.nmB alocig the Iicater Iry 
iriStallinc; hiGiater sectiona oontiiLiiiilVj CQ]\<auctcra a£ varyincf cxoop^ 
a«'jtians< '.'i^e BniaLljwr ooone or oooviuctaa: carcfi^-secticns ashibii; hots 
rcsiatar-cfi to thu clocn^ricai on rent fla/ aivi thua ger>arabc Irjefit st 
a rate higher than waXd be gencratecl b/ a tiitckca: oore at ths earfft 
tenp^rature. I=^r exaicf^ldr it otox heat at a sciiGc?t«l rate at Iw/^ 
te-iiperature exiatLng along a r?lfiUlvely Tnana hecit ca)<3ucl:;ivie layex 
oo: KCtic; v;it}Un th^ apacB jb^iir/j heatod. 

Th3 pr<;3ent invention provtcb?? a method o£ causing a ^^ter 
havirg An Ql^ctrically condux:±lve oconf? whi-ctj ia c\tAtinuo\J3 aivi 
iinitary bo generate ccnetaat and/ or soiLected ^tftmnta of heat alcsvg 
one Di: a inuLtiplicHiy of different portions of the heater wittout 
r^iriiig a iiuLtitude of heating cahl^i splices, rafrcicwiarly where 
tho heating is to ba rondiasted at- relatively hi<?h tenr^raLnTrea fat 
Ling tims, veldi:^ prciilerafi and cppotrtjonitiGB ^ ioakage are 
inherent \n wiy aittiTig aiid sydiclng of electrical haatlnaf cables, 

In fQSi^ect to a5\ elBTtricaL c«el stance inaater coffpriaing a 
pair Df electrically lutnrconnactad inat^il -sheathed solid initcrial- 
insulateit cjoblcs each containing a malleable oretal elactrically- 
coTLduic±i\"e cars, fcnar ?5et5 of rntary st^itchlng dies caii be arrimgodi 
for pt^'j'idiny yoroefltagea of {^iairetrical roducticns ot 6/ 12, IB 
3nd 24 in th^ initial overall diameter of oaoh ostble ani its 
ccnduritive uorc. By rec^uciixr arte portzDo ocf the cable dianeter by 
6% .aru3 ancfthfirr by 12t , the overall reductioa is 9% . ^ such 
p:fr>cedL-fre?r tlia nvf?ral3. cirods -sectional reductiooa for both Legs of 
the hsater can be pcncTvidtid in oight steps? of roughly 106 tacl^. Poor 
oxflirple, sec Y^nB fullowing tiibia: 
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ra SU^U a prooedursr if the ^bcr^-describa.'l pixicforrod powf?r 
supply Is to be ueed, it is nt^ssary that each leg of ^Jia hoater 
after re-iactioiia iu iL3 core diaimt&t have en cr^all resiatjiruso 
equalling that of the otJuir leg after reductio5ia in its Olkts 
3 diaroRteff* This iG ncoessayy to Eneure tho zero ^/oltafje pcbantial of 
rha intsroe(nnc<,±odl ccavioctoora in the erxi pi^ce. TtT03f it ia 
iieceaeacry bo dr?i5e ttje cverall extents of elRctrical ooire 
reductiopa evenly crt'or lioth IcfigtUs of thrts haater, 

Substantial!/ any cxxiioi'OSilve swaffXfi9 p^o^adurs which is or J.s 
10 Ruh&taiAtaliy cquiv^Jlent to totDry sw&cfisig con soitabiy 'ce liSied in 
practtsirig thiC pre9?Jitx .ircvientLan^ 'acaxr^>les of svacji.rig' Tpachinus 
aiKi/or tedwlqijes which c*tn Ejultabiy ):o used are incXiiRi^ra of difcj 
closing aw^jgiiig ftwuchlliec^/ sucb as thnee ilf^iiiuf &CfJ.ire<i hy The 
TotrXngtoo Cuirpcmy, or Abbey /^etna ttechine Cbops/iy or FcfTn 
15 :r^nufacturiDg, etc. 

pLTwer autpiy Ciiblc^ capeble of. traoosnittijig the aiMoui\t; of 
vurresit -^slece-ed to ba upod whiio genoxfltiiig «nLy a raiativi^ly 
Insignificant ainount of haat and having sufflf:nent themtfl 
stability ^ electrical and itocJiunical att^aic^tmRnt to thu motal 



hup://paients 1 .ic.gc.ca/fcgi-bin/any2html 



I i/7/:ooi 



Oi:53555dis.afp Page 12 



Page 2 of 



- 11 " 

i^.heai-liac) cable solixted for giererating & toinliirujci aircuait of heat ccm 
suitably bt^ uned in tKLs Invention, acajiplaa of so^tx c^i-ee inclutla 
th0G« ava.i.l'3b]je as QXCC/Pyrotcnac EAI rabies. 

Id cjrjoeralf in a situatLCin in which an alectrlcai cvxiduntor 
5 rjeed not to Insula be<^/ ths presiejit Ir^'Tiai^tioji ^■:^ln ba pi'^ictised "sith 
3L±iBtrintiixlly ani' e.lftctriral carKSuctor v/hich Ir oontinucus and 
uoitarv (i.ti- is a octnt^njicxLa fccdy froa of .Caterccnnectgd ' a^agireiltg 
or ??trarjda> Bind has a o:>re nrr oandiactnr tillckriRsa (.liS, a clxjhs- 
ijecticxia.l ai-ea of iJiC c.lectTically ccxiductivo rraterlAl) ^'hich is 

10 different in different Iccatiooe aiong the icmgtb of the e.leutricrea 
odiicSucrtor . rrarferrcid eloctrioal condactnta di^acotiSQ sjwj.lrfi 
ccixluctive cores of nulle^jbie itetals or allnya sur refunded by a hsat 
stabia £Olid ji\5ajlatE5 iraterial widvLn a beat at^le iC6tftl slieatK 
Buch aa refractory ecws3er oor solid fibre insulating mattirials 

^.5 within copper or stcol aJieatli^* A oopper corf; surycund€<3 by 

pCT^xierecl iragrwaiunn coctds wil:iiin a ccpp^r aheath for use at modsrata 
ts^mp^ratnrsa, or a stAlnlcsg steel aheath £br ucc ^it 'rOgh 
tcjrpei'atureBj is paiticulairiy preCerried, 

In generals the preeent invention can tte MtilxroO to J.nitiabe 

?0 isrid miiitaln a !iubfltantially unLfiarai rate of lieatincf along a Space 
ccmtaininy at least one portion hauifiy a. rolafcively lo^ rata of 
3ieat cjontijctLvity and/Of to estahliEh smd mint^.^n a relatively 
hig^^ rata of: jmting oXoccig Belected purtiofis alor^ a spaoa 
. tirrco^hoat which the rate of heat ccnductivity ts nearly uaifDim* 

P.5 tV>e v^ist:ioo8 in Jwatt caniductivity with di&tarx^j &lcog an 

elcrjga.ked path can be deb&miino;5 by Ti^eana Qf nun^rtxjc )cn:?.\n Rjid 
available de7iaaa and technic^^s. 

m a particularly prefutriexi procedure for utilisirjg the 
peasant im'cnti.on tcvr heatiiig along a path aloiisr vi^icJi the htSiat 

30 ocnductivtty is noa^-Mnifbrm, a belestioii is mads of the rate of 
beatinjc; bx> be prwi<?ed when an electrical ctsnductor having the 
canpcaitictfi bo b© used is ccrducting ths aincunt of current to ba 
used within □ honogcinocxis nKdlum li^xwj the i^wstit heat 
cccMSuctivity to be encoufttJCKtd aJcixgr t-he path to be heated. The 
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niaxl^mia^ thicknsatf for t'ne aLentrioAi ocsmaactor to ba vised Ss tYcn 
th£ bti\ckneaa which provitfea that rata of h^acivoj in that 
situation, The thick/tc5;s of porticxis of the <xrductar to bta 
positioned along pcrtioos ot thft p^th whldi have lumber h«at 
oDoductivifcles are then jfd<ie tiUmsr to avi axtont sub3tayl^^ally 
iTcn^ienBating for cha nors r^ipid conAxv^ting^wfly of tbs^ I'^at by 
those iugl^eiT boat oaaicluntLvitiiis. 

fi.lterrsati^y, whero it ia dasirai'^ie to ganeratE heat at 
i*eJativeiy rapid rates along porbim^ of a peth to ba heater? (for 
ocairple/ aiung tcp and hottcm portions of a RiibfterrojiGCin Odrth 
fartrar^m) such an arranyeipent can ba iMjdb, a.Vcha<;igti Ujs heat 
cctvductivity TKty be. stib^starmiaLly unifonm eill alcaiQr tha path to ]jo ■ 
heated- 'J^w c:qndnctor thic>3ness au.i rosisbaiice to uead aLmg 
irmt of tJie cable ccnductar arc se.loctiedl bo prcvidc the ge.i^ted 
rate of fwating alopg a hcTPcgerisoas iiiatecrial hovinc^ ths lujat 
ccrductiviliy oanica to aoat erf tho ittt/arjal to be heato3. ThenF f-V^ 
Ertore rapid haatii-jg rate alortg 3cJjei:±sa poJ^'tioi^? of the path can foe 
obtained by tJiinnlng the portions of tha ocnductor to be ext^^ndad 
i.long cboae portioni* of! ths path. 
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THE ftE^BOnXllKJITS DT THIS IHVBHTIOH lU ^IHICH AH EXCLUSIVU 
Pi^OPERTY OR PRIVILEGE 13 ClAIlJRn AflE OEPIHBt) AS i'OLi.OW&t 

1. . Ift a c^i-ocaas In which aubrerrAneau ear^h f oriOfifttXouB 

within in interval more thau LOCI teet Long ar« h&aCtx:!. tci A 
nempAcatvjre ot tno:-o tUi^rt 600°C. , ao that h^at is injectod 
Bubatantiail.y \ini f.oTrJ^.ly into that itit^ti/nL^ an iitiprovamsnt fcx 
consti'ucting ixiid iustAlllny a liaatQL hsvincj an alectrlcal cable 
heaxtng a&cniati whtoh ift /Tree of eplic<^fc, comuriftlnff i con^tr uctin^r 
^iiiA hf>>t%yn^ c&hls x^ectioii by compresa ively swa.cjiiig at. least one 
portion of a juootlou- tre e el«<2t clcaJl hts^tittq cablo to rtdycs Ita 
&i2t (Lt !t«id At Icsast ons portion, said cable ia dX least &b long 
aa the earth fo.rmat-ion interval co be baat^d and CJ0mprl«ft5 ah 
axlally aVLgn^dr meiliftaDiftp ol«cfcracally (Sonducttva cortt 
surroundQd by granular MlT^-eyal iLneulatllon vlthlA a netai Sh«Ath, 
BO that &wa9e<l t^orticn g^n^jriites hoat at si lato higher thsxn xha 
ortivaijttd portion; c^axrelattntj thfi looanlon of sftid Bwaglng v4th 
tha patt.^cn of heat ccn<Su<;tlvity in tlio odirth forix€ition interval 
BO t)iat at loaut ens comprasaivoly swaged portion of thei ciibl€ is: 
Incatea along the cabl« lu a po«lniOft Buch that, vhf^n thn crAblc 
^:!ttendeU aloriS th^ ^arth forination inxervjal to lie heatacl, t.ha 
coiapro Hs j valy ^xacjeU poicwion la adjacent to a portion of tlie earth 
Cortnat-lou luterval in vthlch tha heat condurtivlty ia rfilatively 
hl^fh) coanoctingr said selectively swagert heattrt? cable ftcctlon to 
-Qt l*RBt one power f?upplv cahl^ nnd iipoolincr the interconnected 
cables^ and ynapooliny Lh« lutarooonectad nahie* into a weLlbor'^ 
aloncj with a weigrht- 8ijy)porting metal conduit vhilo p^rioaicaliv 
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ii:t:iichto<3 tUe cable b to the. c&ndult. and axtendincj the cab.lea and 
conduit tc> ^ dofijtlj at wtiiclt the coifip C'^niSi voly I'jVas'od pc^ttions oL* 
Che cabla ^re poRtti^inftd adsj^ifreux no t.U« eartii torraAUXone U^vtng 
r^ilitivoly hi^fh thormal canductivi t/. 
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A_Q S TRACT 

iJEPn'lS^S RAIS VAKEfiNT 
ELQKGkTED ELECTFtCAt* RE9a:9T>KCK IIEATER 

An eiecturjLcai resLfttarjcc Iveafser capable o£ gpanorating iveat at 
d.iffBL-mt rirtes at -aiffenerit loontJLoifi!; a.lcng it a length corporissRi a 
ccntiraious arx3 unitary e.lectrical conductor h^Uq a thiciaicsa 
vrtiich is Oiffcrent at different locisticos along its Ier.gth. 
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